Integrated impact of soil applied nitrogen and foliar applied micronutrients mixture (Gillette) on growth and yield of safflower (Carthamus tinctorius L.) under field conditions.
Introduction
Safflower (Carthamus tinctorius L.) is an oilseed crop in the asteraceae plant family and believed as one of the oldest cultivated crops [1] . The crop was originally grown for the flowers that were used in making red and yellow dyes for clothing and food preparation. Today this crop supplies oil, meal, birdseed, and foots (residue from oil processing) for the food and industrial products markets, although this crop is now primarily grown for the oil. Safflower is an annual species in the same plant family as sunflower. This crop is adapted to dry land or irrigated cropping systems [2] . Apart from the use as edible oil, safflower is a crop for multiple purposes. Florets as well as seeds are used for cosmetic products and medicinal purposes in traditional Chinese medicine. Seeds are also used as birdseed [3] . In Pakistan, the commercial varieties of safflower are Gilla, US-10, S-208 (spiny), Thori-78 and Pawari-95 (spineless). The crop is a suitable oilseed in the arid and semiarid region and well grown in the sunny and high temperature condition. In addition, it is able to meet its water requirements by drawing moisture from deep in the subsoil. It also could improve the overall Nitrogen (N) use efficiency of cropping systems and minimize nitrate leaching to groundwater [4] . Numerous important factors influence the crop yield directly which included soil fertility, macro and micronutrient availability in soil, input application and crop management. The crop production can be increased either by bringing more area under cultivation or by increasing its yield per unit area. Under the present situation, the more suitable option is to obtain higher yield per unit area. The deficiency of micronutrients, particularly Zinc (Zn), Boron (B), Iron (Fe), Copper (Cu), Calcium (Ca), Manganese (Mn), Magnesium (Mg) cause poor crop yields and due to soil inadequacy for these nutrients, the crop plants are losing resistance against diseases [5] . However, it is generally known that N is essential nutrient for all the crops growth and production including safflower [6]. [7] Reported that safflower responded to nitrogen at the rate of 120 kg ha-1. At the same time some researchers have reported that nitrogen loss through hydrological and gaseous pathways [8, 9] . Nitrogen leaching is considered to be the dominant cause of increasing NO3 concentration in groundwater. Higher levels of nitrogen application could lead N loss in the form of ammonia (NH4), leach down to make ground water contaminated and economic loss of grower. For such reasons, the reduced doses of N fertilizer with the application of bio-fertilizers can decrease the need of synthetic fertilizers and also contribute to reduce the negative effects, improve soil fertility, soil properties and augment crop yield. Moreover bio-fertilizers are important to ameliorate environmental pollution and deterioration of nature. Micronutrients are important for plant development, yield and participating in enzyme activities [10] . They are required in very minute quantity. In the case of their deficiency crop growth and yield inhibited [11, 12] . Similarly, Boron is another nonmetal micronutrient essential required for proper plant growth and seed development [13] and B availability decreases with increasing soil pH, thus it is often inadequately available in calcareous soils [14] . The B deficiency affects plant growing points such as, buds, fruits, flowers, root tips (Weil and Brady), necrosis of internal tissues, turning of the leaves colour [15] . The lack of Iron (Fe) cause chlorosis, leaf becomes white and yellow [16, 17] . Many studies revealed the pivotal role of micronutrients on different crops. For example, [18] applied micronutrients in spray form along with cropping system in safflower in Iran. They revealed that foliar application of micronutrients (Zn and Mn) significantly increases number of seeds per head, number of heads per plant, 1000 seed weight, seed yield and biological yield. Generally, the fertilizers are applied by broadcasting and foliar application. Keeping the above views in mind, we hypothesize that, integrated soil nitrogen and foliar application of trace elements will increase crop growth and yield and decrease environmental pollution [19] . Materials and methods A field experiment was conducted to investigate the integrated effect of trace elements by foliar application safflower growth and yield. The experiment was carried out at the experimental field of Soil Chemistry Section, Agriculture Research Institute, Tandojam in the year 2016-2017 with seven treatments following three replication for each treatment in randomized complete block design (RCBD) having net plot size of 3.5 m × 3.0m (10.5m 2 ). The seed of safflower variety Thori-78 was sown with the help of single row hand drill. The treatment details are as under:T1= Control (No N and micronutrient mixture), T2, T3 and T4= N @ 50, 100 and 150 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 1250 ml ha -1 (Foliar), T5, T6 and T7= N @ 50, 100 and150 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) were applied respectively. Gillette is the mixture of micronutrients. This mixture contains micronutrients; iron, boron, magnesium, copper and zinc. The recommended dose of P (65 kg ha -1 ) and K (25 kg ha -1 ) was applied in all the treatments uniformly including control. The micronutrients were applied as foliar treatment after 100 and 130 days after sowing. All P (as mono ammonium phosphate) and 1/3 rd of N (as urea) was applied at the time of sowing and remaining N was applied in two splits at 1 st and at 2 nd irrigation respectively. For the agronomical observations, five plant from each plot were randomly selected and tagged. After completion of observations on growth parameters, and when crop matures, the labelled plants were harvested manually and tied in small bundles, and were shifted to threshing yard. Threshing was performed manually; the grains were collected carefully to count and record weight. The following parameters were recorded; Plant population (m-2 ), Plant height (cm), Branches plant -1 , Capitula plant -1 , Seeds Capitulum -1 , Seed weight plant -1 (g), Seed index (1000-seed weight, g) and Seed yield (kg ha -1 ).
Statistical analysis
The data was subjected to statistical analysis using Statistix 8.1 computer software [20] . The differences among the treatments means was compared by the LSD test.
Results
The field experiment was carried out to investigate the integrated effect of micronutrients by foliar application on growth and yield of safflower. The results are presented in the following tables (1-3) and their analysis of variance. The results on individual character is given below:
Plant population (m -2 )
The results regarding plant population (m-2 ) as affected by soil applied nitrogen and foliar applied micronutrients mixture (Gillette) on growth and yield of safflower are presented in table 1 and its Analysis of variance. The results had significant effect on plant population (m-2 ) (P>0.05). The results revealed that the maximum plant population (42.2 m -2 ) was observed under N @ 150 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) as compared to N @ 100 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) which was recorded (41.1m -2 ) plant population. The crop was treated with N @ 150 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 1250 ml ha -1 (Foliar) produced (40.4 m -2 ) plant population. The results further indicated that the crop was treated with N @ 100 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 1250 ml ha -1 (Foliar) was observed (33.9 m-2 ) plant population. The crop was treated with N @ 50 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) was noted (32.0 m -2 ) plant population. Whereas the lowest plant population (22.4 m -2 ) was showed in control treatment. It is clear from the results that N @ 100 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) recorded optimum results due to medium dose of nitrogen and nonsignificant differences (LSD@5%) with T7 and T4 where highest dose of nitrogen was applied.
Plant height (cm)
The results pertaining to plant height (cm) as affected by soil applied nitrogen and foliar applied micronutrients mixture (Gillette) on growth and yield of safflower are presented in table 1. The results had significant effect on plant height (cm). The data should that the maximum plant height (126.2 cm) was observed under N @ 150 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) as compared to N @ 100 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) which was recorded (124.8 cm) plant height. The crop was treated with N @ 150 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 1250 ml ha -1 (Foliar) produced (121.1 cm) plant height. The results further indicated that the crop was treated with N @ 100 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 1250 ml ha -1 (Foliar) was observed (113.5 cm) plant height. Whereas the lowest plant height (96.1 cm) was noted from control treatment. It is clear from the results that N @ 100 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) recorded optimum results due to medium dose of nitrogen and nonsignificant differences (LSD@5%) with T7 and T4 where highest dose of nitrogen was applied.
Branches plant -1
The data about branches plant -1 as affected by soil applied nitrogen and foliar applied micronutrients mixture (Gillette) on growth and yield of safflower are presented in table 1. The results had significant effect on branches plant -1 . The results indicated that the maximum branches plant -1 (11.0) was observed under N @ 150 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) as compared to N @ 100 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) which was recorded (10.0) branches plant -1 . The crop was treated with N @ 150 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 1250 ml ha -1 (Foliar) produced (9.0) branches plant -1 . The results further indicated that the crop was treated with N @ 100 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 1250 ml ha -1 (Foliar) was recorded (8.4)branches plant -1 , however the crop treated with N @ 100 Kg ha -1 + Gillette (Micronutrients mixture) @ 1250 ml ha -1 (Foliar) was observed (8.0) branches plant -1 . Whereas, the lowest branches plant -1 (7.0) was noted from control treatment. It is clear from the results that N @ 100 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) recorded optimum results due to medium dose of nitrogen and nonsignificant differences (LSD@5%) with T7 and T4 where highest dose of nitrogen was applied.
Capitula plant -1
The data regarding capitula plant -1 as affected by soil applied nitrogen and foliar applied micronutrients mixture (Gillette) on growth and yield of safflower are presented in table 2. The results had significant effect on capitula plant -1 . The results suggested that the maximum capitula plant -1 (87.0) was observed under N @ 150 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) as compared to N @ 100 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) which was recorded (85.0) capitula plant -1 . The crop was treated with N @ 150 kg ha -1 (soil) + Gillette (Micronutrients mixture) @1250ml ha -1 (Foliar) produced (82.0) capitula plant -1 . The results further indicated that the crop was treated with N @ 50 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) was observed (77.0) capitula plant -1 .However, the crop was treated with N @ 100 kg ha -1 (soil) + Gillette Micronutrients mixture) @ 1250 ml ha -1 (Foliar) was observed (79.0) capitula plant -1 Whereas the lowest capitula plant -1 (73.0) was noted from control treatment. It is clear from the results that N @ 100 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) recorded optimum results due to medium dose of nitrogen and nonsignificant differences (LSD@5%) with T7 and T4 where highest dose of nitrogen was applied.
Table 1. Plant population (m -2 ) and plant height of safflower as affected by nitrogen and micronutrients mixture (Gillette)

Seeds capitulum -1
The results regarding seeds capitulum -1 as affected by soil applied nitrogen and foliar applied micronutrients mixture (Gillette) on growth and yield of safflower are presented in table 2. The results had significant effect on seeds capitulum -1 . The results revealed that the maximum seeds capitulum -1 (42.9 g) was observed under N @ 150 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) as compared to N @ 100 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) which was recorded (41.9 g) seeds capitulum -1 . The crop was treated with N @ 150 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 1250 ml ha -1 (Foliar) produced (40.7 g) seed index. The results further indicated that the crop was treated with N @ 100 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 1250 ml ha -1 (Foliar) was observed (37.0 g)seeds capitulum -1 . Whereas the lowest seeds capitulum -1 (24.8 g) was noted from control treatment. It is clear from the results that N @ 100 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) recorded optimum results due to medium dose of nitrogen and nonsignificant differences (LSD@5%) with T7 and T4 where highest dose of nitrogen was applied.
Seed weight plant -1 (g)
The results regarding seed weight plant -1 as affected by soil applied nitrogen and foliar applied micronutrients mixture (Gillette) on growth and yield of safflower are presented in table 2. The results had significant effect on seed weight plant -1 . The results revealed that the maximum seed weight plant -1 (164.2 g) was observed under N @ 150 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) as compared to N @ 100 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) which was recorded (153.4) seed weight plant -1 . The crop was treated with N @ 150 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 1250 ml ha -1 (Foliar) produced (131.7 g) seed weight plant -1 . The results further indicated that the crop was treated with N @ 50 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) was observed (116.9 g)seed weight plant -1 , however the crop was treated with N @ 100 kg ha -1 (soil) + Gillette (Micronutrients mixture) @1250 ml ha -1 (Foliar) was observed (111.3 g) seed weight plant -1 , Whereas the lowest seed weight plant -1 (70.7 g) was noted from control 
Seed index (1000-seed weight, g)
The data in relation to seed index (g) as affected by soil applied nitrogen and foliar applied micronutrients mixture (Gillette) on growth and yield of safflower are presented in table 3. The results had significant effect on seed index (g). The results illustrated that the maximum seed index (44.0 g) was observed in T7 at the rate of N @ 150 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) as compared to N @ 100 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) which was recorded (43.0 g) seed index. The crop was treated with N @ 150 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 1250 ml ha -1 (Foliar) produced (42.0 g) seed index. The results further indicated that the crop was treated with N @ 100 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 1250 ml ha -1 (Foliar) was observed (40.0 g)seed index (T3). Whereas the lowest seed weight plant -1 (39.0 g) was noted from control treatment (T1). It is clear from the results that N @ 100 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) recorded optimum results due to medium dose of nitrogen and non-significant differences (LSD@5%) with T7 and T4 where highest dose of nitrogen was applied.
Seed yield (kg ha -1 )
The results regarding seed yield (kg ha -1 ) as affected by soil applied nitrogen and foliar applied micronutrients mixture (Gillette) on growth and yield of safflower are presented in table 3. The results had significant effect on seed yield (kg ha -1 ). The results revealed that the maximum seed yield (2400 kg ha -1 ) was observed under N @ 150 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) as compared to N @ 100 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) which was recorded (2245.0 kg ha -1 ) seed yield. The crop was treated with N @ 150 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 1250 ml ha -1 (Foliar) produced (2100.00 kg ha -1 ) seed yield. The results further indicated that the crop was treated with N @ 50 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) was showed (1990.0) seed yield. However, the crop treated with N @ 100 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 1250 ml ha -1 (Foliar) was observed (1896.7 kg ha -1 )seed yield. Whereas the lowest seed yield (1700.3 kg ha -1 ) was noted from control treatment. It is clear from the results that N @ 100 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) recorded optimum results due to medium dose of nitrogen and nonsignificant differences (LSD @ 5%) with T7 and T4 where highest dose of nitrogen was applied. Results showed that the maximum capitula plant -1 (87.0) was observed under N @ 150 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) as compared to N @ 100 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) which was recorded (85.0) capitula plant -1 . However, the lowest capitula plant -1 (73.0) was noted from control treatment. The results revealed that the maximum seed weight plant -1 (164.2 g) was observed under N @ 150 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) as compared to N @ 100 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) which was recorded (153.4) seed weight plant -1 . The lowest seed weight plant -1 (70.7 g) was noted from control treatment. The results revealed that the maximum seed index (44 g) was observed in T7 at the rate of N @ 150 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) as compared to N @ 100 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) which was recorded (43.0 g) seed index. The lowest seed weight plant -1 (39.0 g) was noted from control treatment (T1). Nitrogen is generally applied as broadcast to irrigated crops. However, micronutrients are mostly applied as foliar sprays [19] . The results revealed that the maximum seeds capitulum -1 (42.9 g) was observed under N @ 150 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) as compared to N @ 100 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) which was recorded (41.9 g) seeds capitulum -1 . Whereas the lowest seeds capitulum -1 (24.8 g) was noted from control treatment. The results revealed that the maximum seed yield (2400.0 kg ha -1 ) was observed under N @ 150 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) as compared to N @ 100 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar) which was recorded (2245.0 kg ha -1 ) seed yield. Similar results are reported by [18] , they revealed that foliar application of micronutrients increased seed yield, number of heads, biological yield. Whereas the lowest seed yield (1700.3 kg ha -1 ) was noted from control treatment [21], they concluded that foliar sprays of 0.2% borax, 0.4% ferrous sulphate, 0.5% zinc sulphate or B + Zn applied to safflower 60 and 90 days after sowing gave seed yields of 880, 753,695 and 812 kg ha -1 , respectively compared with 765 kg with 2 water sprays and 635 kg in the untreated control. Conclusion It is concluded from the results that growth and yield of safflower was affected significantly (P<0.05) by the application of nitrogen and micronutrients mixture (Gillette). However, maximum seed yield (2400 kg ha -1 ) was recorded in the integrated application of N @ 150 kg ha -1 (soil) + Gillette (Micronutrients mixture) @ 2000 ml ha -1 (Foliar). 
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